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Cholangiocarcinoma
Thirty-one-Year Experience With 564 Patients at a Single Institution

Michelle L. DeOliveira, MD,* Steven C. Cunningham, MD,*‡
John L. Cameron, MD, FACS, FRCS(Eng)(Hon), FRCSI(Hon),* Farin Kamangar, MD, PhD,†

Jordan M. Winter, MD,* Keith D. Lillemoe, MD, FACS,* Michael A. Choti, MD, MBA, FACS,*
Charles J. Yeo, MD, FACS,* and Richard D. Schulick, MD, FACS*

Objective: To assess long-term survival and prognostic factors in a
large series of patients with bile duct cancer.
Summary Background Data: The incidence of bile duct cancer is
low but increasing. Determinants of survival vary in the literature,
due to a lack of sufficient numbers of patients in most series.
Methods: We studied 564 consecutive patients with bile duct cancer
operated upon between 1973 and 2004. Patients were divided into
intrahepatic, perihilar, and distal groups. Principle outcome mea-
sures were complications, 30-day mortality, and survival.
Results: Of the 564 patients, 44 (8%) had intrahepatic, 281 (50%) had
perihilar, and 239 (42%) had distal tumors. Approximately half (294,
52%) were treated before 1995, while 270 (48%) were treated thereaf-
ter. The perioperative mortality rate was 4%. In log-rank analyses,
survival was higher in the later time period (P � 0.002), in patients with
intrahepatic disease (P � 0.001), with negative resection margins (P �
0.001), with well/moderately differentiated tumors (P � 0.001), and
those with negative lymph nodal status (P � 0.001). In multivariate
analysis, negative margins (P � 0.001), tumor differentiation (P �
0.001), and negative nodal status (P � 0.001), but not tumor diameter,
were significant independent prognostic factors. In R0-resected pa-
tients, lymph node status (P � 0.001), but not tumor diameter, histol-
ogy, or differentiation, further predicted survival. The median survivals
for R0-resected intrahepatic, perihilar, and distal tumors were 80, 30,
and 25 months, respectively, and the 5-year survivals were 63%, 30%,
and 27%, respectively.
Conclusion: R0 resection remains the best chance for long-term
survival, and lymph node status is the most important prognostic
factor following R0 resection.

(Ann Surg 2007;245: 755–762)

The incidence of bile duct cancer is increasing worldwide,
currently accounting for 3% of all gastrointestinal cancers.1,2

In the United States, there are approximately 5000 new cases
each year.3 These tumors can occur anywhere along the biliary
tree from the most proximal peripheral intrahepatic ducts to the
distal intraduodenal bile duct. We have previously reported a
classification system dividing tumors into 3 groups: intrahepatic,
perihilar, and distal tumors.4 Using this three-tiered classification
system, we present a detailed analysis of our recent cholangio-
carcinoma experience at our institution, together with that of the
previous 2 decades, for a total of 546 patients operated upon
since 1973.

PATIENTS AND METHODS
With approval by the Johns Hopkins Institutional Re-

view Board, the records of all patients with histologically
confirmed bile duct cancer undergoing surgical exploration at
the Johns Hopkins Hospital from 1973 until 2004 were
retrospectively reviewed. Recorded data included demo-
graphics, medical history, presenting symptoms, and radio-
graphic and clinical tumor data. Patients with bile duct cancer
treated nonoperatively and those who underwent liver trans-
plantation as primary therapy were excluded.

Patients were classified into 3 groups according to the
location of the primary lesion: 1) intrahepatic, 2) perihilar,
and 3) distal. Intrahepatic tumors were defined as confined to
the liver, and not involving the extrahepatic biliary tree.
Perihilar tumors were defined as those involving or requiring
resection of the hepatic duct bifurcation, and were typically
located in the extrahepatic biliary tree proximal to the origin
of the cystic duct. Distal tumors were extrahepatic lesions
located in the peripancreatic region. R0 resections were
defined as those leaving behind no gross or microscopic
tumor, R1 resections as those with microscopically positive
margins, and R2 resections as those where not all gross tumor
was removed. A palliation was defined as an operation in
which no major resection was attempted and interventions
focused on biopsy and bypass. An early time period was
defined as January 1973 to December 1995, and the later time
period from January 1996 to March 2004.

�2 tests were used to compare categorical variables, and
one-way analysis of variance followed by Scheffé tests to
compare continuous variables among the patients with the 3
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tumor locations. Kaplan-Meier curves were plotted and log-
rank tests used to compare time from operation to death. Cox
proportional hazards models were used to calculate adjusted
and unadjusted hazard ratios (HRs) for margin status, lymph
node status, tumor diameter, differentiation, and time period.
For intrahepatic tumors, there was only one small (�2 cm)
tumor. Therefore, tumor diameter was not used as a predictor
in Cox analysis of intrahepatic tumors. All P values were
two-sided, and P � 0.05 was considered significant.

RESULTS

Patients and Tumors
During the 31-year period of this study, 564 patients

underwent surgical exploration for bile duct cancer. Forty-
four (7.8%) of the patients had intrahepatic tumors, 281
(50%) had perihilar tumors, and 239 (42%) had distal lesions.
Patient and tumor characteristics are presented in Tables 1
and 2. Overall, the median age was 65 years and the patients
were predominantly male whites. However, patients with
intrahepatic lesions were significantly more likely to be
younger (P � 0.001) and female (P � 0.006), compared with
patients with perihilar and distal cancers. Biliary stones,
inflammatory bowel disease, and primary sclerosing cholan-

gitis were concomitant diagnoses in 17%, 3.1%, and 2.2% of
patients, respectively. The most common symptom attribut-
able to bile duct cancer in the entire series was jaundice, but
compared with the perihilar and distal groups, patients with
intrahepatic cancers were more likely to present with abdom-
inal pain (P � 0.001) and less likely to present with weight
loss (P � 0.03) or jaundice (P � 0.001).

As shown in Table 2, histologic evaluation of the
tumors revealed that nearly all (96.6%) were adenocarci-
noma. The tumor diameter for all patients ranged from 0.1 cm
to 19 cm. Median tumor diameter (25th–75th percentile �in
cm�) for intrahepatic tumors was 5.5 (4.2–10.0), which was
larger than the diameter of perihilar (2.5 �1.5–3.5�) or distal
(2.0 �1.5–2.5�) tumors (P � 0.001). An R0 status was
achieved in 46% of all resections but was less likely in
perihilar cases (19%) than in intrahepatic (45%), or distal
cases (78%) (P � 0.001). Resected lymph nodes were posi-
tive for bile duct cancer in 47% of patients overall. A larger
proportion of distal cancers (60%) were associated with
positive lymph nodes compared with perihilar (28%) and
intrahepatic (29%) cancers (P � 0.001). However, harvesting
of lymph nodes during resection of intrahepatic bile duct
cancers was not routine.

TABLE 1. Patient Characteristics, Operation Dates, Associated Diseases, Presenting Symptoms,
and Preoperative Laboratory Data by Tumor Location

Total
(n � 564)

Intrahepatic
(n � 44)

Perihilar
(n � 281)

Distal
(n � 239) P*

Patient demographics

Median age (yr) 65 60 65 68 �0.001

Sex (% male) 58 36 58 62 0.006

Race (% white) 89 91 90 89 0.50

Calendar period �0.001

�1989 (%) — 4 82 14

1989–1995 (%) — 9 54 38

1996–1999 (%) — 9 31 61

�2000 (%) — 9 33 58

Associated diseases

Stones (%) 17 11 22 16 0.21

IBD (%) 3 10 3 2 0.04

PSC (%) 2 7 3 0 0.02

Presenting symptoms

Jaundice (%) 84 16 91 89 �0.001

Weight loss (%) 35 16 37 36 0.03

Abdominal pain (%) 30 54 32 24 �0.001

Fever (%) 9 6 14 3 �0.001

Nausea and vomiting (%) 20 5 25 12 0.001

Preoperative laboratory data

Bilirubin (mg/dL) 5.2 1.7 5.7 5.3 0.003

Alkaline phosphatase (IU/L) 312 204 351 283 �0.001

AST (IU/L) 83 109 83 75 0.37

ALT (IU/L) 102 85 99 111 0.57

Albumin (g/dL) 3.6 3.8 3.4 3.7 �0.001

*P values compare variables among patients with the 3 tumor locations (distal, perihilar, and intrahepatic).
IBD indicates inflammatory bowel disease; PSC, primary sclerosing cholangitis; AP, alkaline phosphatase; AST, aspartate

aminotransferase; ALT, alanine aminotransferase.
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Operative Procedures
Of the 564 patients, 430 (76%) underwent resection and

134 (24%) underwent palliation (Table 3). In general, resect-
able intrahepatic tumors were treated with hepatic resection,
usually without lymph node dissection. Perihilar lesions were
resected via excision of the extrahepatic biliary tree with
lymph node dissection, with or without hepatic resection
including the caudate. Distal cancers were resected with a
pancreaticoduodenectomy or, for small tumors just distal to
the cystic duct, with excision of the extrahepatic biliary tree
with lymph node dissection.

Morbidity and Mortality
The overall complication rate for the entire population

was 35%. As shown in Table 3, the most common complications

were superficial wound infection (13.1%), abscess (7.5%),
sepsis (6.3%), pancreatic leak (5.3%), delayed gastric emptying
(5.3%), and biliary leak (4.0%). For most complications, the
incidence did not depend on the location of the primary tumor,
with 3 exceptions. First, delayed gastric emptying was markedly
more common after resection of distal lesions (typically via a
pancreaticoduodenectomy) (P � 0.001). Second, the incidence
of sepsis was lowest in the distal group and highest in the
perihilar group (P � 0.004). Third, the rate of biliary leak was
highest in the perihilar group, while the rate of pancreatic leak
was highest in the distal group (P � � 0.001).

The perioperative mortality rate for all groups was
4.0%, and for the intrahepatic, perihilar, and distal groups
was 4.5%, 5.4%, and 3.0%, respectively (P � 0.41).

TABLE 2. Tumor Histology, Differentiation, Tumor Diameter, Microscopic Margins, and Lymph
Node Involvement by Tumor Location

Total
(n � 564)

Intrahepatic
(n � 44)

Perihilar
(n � 281)

Distal
(n � 239) P*

Tumor histology

Adenocarcinoma (%) 97 — — — —

Other (%) 3 — — — —

Degree of differentiation �0.001

Well (%) 6 14 7 4

Moderate (%) 38 46 21 56

Poor (%) 22 16 13 32

Unknown (%) 34 25 58 8

Tumor diameter (% �2 cm) 50 96 58 36 �0.001

Microscopic margins (% negative) 46 45 19 78 �0.001

Lymph node involvement (% positive)† 47 29 28 60 �0.001

*P values compare variables among patients with the 3 tumor locations (distal, perihilar, and intrahepatic).
†However, 96% of distal cases had informative lymph nodes, compared with only 46% for perihilar cases and 64% for intrahepatic

cases.

TABLE 3. Operative Procedures, Postoperative Complications, and Median Survival by Tumor
Location

Total
(n � 564)

Intrahepatic
(n � 44)

Perihilar
(n � 281)

Distal
(n � 239) P*

Resected (%) 76 66 62 96 �0.001

Postoperative complications

Wound infection (%) 13 5 16 11 0.05

Bile leak (%) 4 0 7 1 �0.001

Pancreatic leak (%) 5 0 0 13 �0.001

Abscess (%) 8 9 8 7 0.68

Sepsis (%) 6 5 10 3 0.004

DGE (%) 5 0 2 10 �0.001

Respiratory (%) 4 7 5 4 0.48

Cardiac (%) 3 2 4 3 0.94

GI bleeding (%) 3 0 5 2 0.10

Renal (%) 2 2 3 2 0.69

MOSF (%) 1 5 2 0 0.08

Operative mortality (%) 4 4 5 3 0.41

Median survival (mo) 15 25 14 18 �0.001

*P values compare variables among patients with the 3 tumor locations (distal, perihilar, and intrahepatic).
GI indicates gastrointestinal; DGE, delayed gastric emptying; MOSF, multiple-organ system failure.
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Survival
The mean follow-up for all patients and for survivors

(censored patients) was 29 and 76 months, respectively. The
5-year overall and R0 survival for all 564 patients with bile duct
cancer was 18% and 30%, and the median survival was 15 and
28 months, respectively. For patients in the intrahepatic, peri-
hilar, and distal groups, the 5-year survival was 40%, 10%, and
23% and the median survival was 28, 13, and 18 months,
respectively (P � 0.001 by log-rank test) (Fig. 1). Perihilar
patients had worse survival: by comparison, the HRs (95%
confidence intervals �CIs�) for intrahepatic and distal patients
were 0.47 (0.31–0.72) and 0.66 (0.54–0.80), respectively. Fig-
ure 2 (top) shows that the 5-year survival after R0 resection of
intrahepatic, perihilar, and distal tumors was 63%, 30%, and
27%, and the median survival was 80, 30, and 25 months,
respectively.

Figure 2 and Table 4 provide global views of the survival
of all patients and of patients in the intrahepatic, perihilar, and
distal groups, separated by the status of the resection margins
(R0, R1/2, or palliated), lymph node status (positive or negative
for cancer), tumor diameter (� or �2 cm), and degree of
differentiation (well/moderately or poorly/unknown). For all
patients combined, log-rank analyses showed that negative mar-
gin status (P � 0.001), negative lymph node status (P � 0.001),
small tumor diameter (P � 0.001), and higher degree of differ-
entiation (P � 0.001) predicted higher survival. When these 4
prognostic variables were examined by location, Kaplan-Meier
analysis revealed that negative margin status and negative lymph
node status were associated with increased survival for each
location. For perihilar and distal tumors, but not for intrahepatic
tumors, tumor diameter �2 cm and higher degree of differenti-
ation significantly predicted improved survival (Fig. 2). The null
results for intrahepatic cancers, however, may reflect the small
size of this group. According to multivariate analyses (adjusted
results in Table 4), negative margins of resection (P � 0.001),
negative lymph node status (P � 0.001), and differentiation

(P � 0.001) predicated improved survival among all patients (all
3 tumor locations). When the patients were separated by group,
however, only margin status predicted improved survival for all
3 tumor locations, while negative lymph node status predicted
improved survival for perihilar and distal tumors, and tumor
diameter and degree of differentiation were significantly associ-
ated only with distal tumors (Table 4).

Because the status of resection margins was one of the
most robust predictors of survival in the above analyses and
the only parameter that the surgeon has some control over, all
patients with negative margins of resection were studied to
learn which factors further influenced survival. In this cohort
of resection margin-negative patients, only lymph node status
was predictive of survival (HR � 1.73; 95% CI, 1.26–2.39;
P � 0.001). By contrast, tumor diameter (P � 0.39), degree
of differentiation (P � 0.08), and administration of adjuvant
therapy (chemotherapy versus radiation or both; P � 0.84)
were not significant predictors of survival in log-rank or Cox
regression analyses.

Of the 173 patients who underwent resection of a
perihilar tumor, 36 underwent concomitant partial hepatec-
tomy and had longer median survival (26 months) than those
perihilar patients who did not undergo partial hepatic resec-
tion (19 months), but this difference was not significant (P �
0.17). Similarly, the margin-negative rate was higher in
patients undergoing hepatic resection (36%) compared with
those not undergoing hepatic resection (28%), but this differ-
ence was not statistically significant (P � 0.37).

The analysis of the effect of adjuvant therapy on sur-
vival was problematic because of the wide variance of adju-
vant regimens over the 31 years spanned by this series. Of
514 informative patients, 161 (29%) received chemotherapy.
Of those patients who received chemotherapy, fewer were in
the perihilar group (17%) compared with those in either the
distal (40%) or intrahepatic (39%) group (P � 0.001). Nearly
half of all patients (47%) received radiation therapy, with no
difference among the 3 groups. There was no statistically
significant difference in survival between those who received
and those who did not receive chemotherapy and/or radio-
therapy, either in the entire series or in any of the 3 anatomic
groups analyzed. Furthermore, chemotherapy and/or radio-
therapy did not significantly change survival in subgroups of
patients who had R0 or R1/R2 surgical resections.

Trends in Management and Outcomes
To study the relationship between time period of treat-

ment and survival, we chose a cutoff of December 31,1995
(the last accrual date of a 1996-reported series of the first 294
patients treated at our hospital4). Patients explored before this
date were grouped into the earlier time period, and patients
explored after this date were grouped into the later time
period. Approximately half (294, 52%) were treated in the
earlier period and 270 (48%) were treated in the later period.

The proportion of patients with perihilar bile duct cancers
undergoing a partial hepatectomy for resection of their disease
was higher during the later time period compared with the early
time period (35% vs. 13%, respectively; P � 0.001). Similarly,
although caudate resection did not typically accompany resec-
tion of a perihilar cancer at our institution during the early

FIGURE 1. Overall survival for the entire group (A) and by
tumor location (B).
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period, within the later period significantly more perihilar resec-
tions were performed with concomitant caudate resections dur-
ing the years 2000 to 2004 compared with the years 1996 to
1999 (P � 0.05).

During the later period, the negative margin rate of re-
sected perihilar tumors increased from 25% to 39%. Consistent
with this change in management, the survival of all patients
operated on in the more recent period was higher compared with
the earlier period: 5-year survival and median survival were 22%
and 18 months for the later period, and 14% and 14 months,
respectively, for the earlier period (Fig. 3; HR � 0.75; 95% CI,
0.62–0.90; P � 0.002). In addition, the R0 rate during the later
time period (58%) was nearly double that of the early period
(34%) (P � 0.001). However, when the patients were subdi-
vided by location of tumor, this difference was significant only
for intrahepatic cases (P � 0.02) but not for perihilar (P � 0.22)

or distal (P � 0.91) cases. Further analysis revealed that the
proportion of tumor locations changed through time. Intrahe-
patic, perihilar, and distal tumors constituted 7%, 66%, and 27%
of the tumors in the earlier time period, whereas the correspond-
ing numbers in the later period were 9%, 32%, and 59%,
respectively. Therefore, improved prognosis in the later time
period could in part be attributed to a lower percentage of
perihilar tumors, which had the worst prognosis. After adjust-
ment for location, survival was still improved in the later period,
but this difference was not significant (HR � 0.86; 95% CI,
0.70–1.05; P � 0.13).

DISCUSSION
We have reported our 31-year experience with 564

patients operated upon for bile duct cancer at a single insti-

FIGURE 2. Overview of survival analyses by tumor location and pathology. All graphs depict surviving fraction on the y-axis.
For analysis of margins, dashed line represents R0 resections, solid line R1/R2 resections, and dotted line palliations. For analy-
sis of lymph nodes, dashed lines represent negative status and solid lines positive status. For analysis of tumor diameter,
dashed lines represent tumor diameter �2 cm, and solid lines �2 cm. For analysis of differentiation, dashed lines represent
well/moderately differentiated tumors and solid lines poor/unknown lesions.
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tution. This report updates the report of our experience
through 1995,4 doubling the number of cases and demonstrat-
ing a prolonged survival in the later period compared with the
early period. Using the previously reported three-tiered clas-
sification system, we identified that the perihilar group had a
significantly shorter survival than either the intrahepatic
group or the distal group. We have confirmed the importance
of resection-margin status for survival, and further identified
that in those patients who do have negative margins, the next
most important prognosticator is lymph node status.

The likely reason the perihilar group had a shorter
survival than the intrahepatic and distal groups is that the
perihilar group had a higher proportion of positive margins.
This reflected an earlier philosophy at our institution and
elsewhere1,5,6 that increased morbidity and mortality associ-
ated with aggressive liver resections for hilar cancers poten-
tially outweighed benefits derived from obtaining negative
margins. However, it is now widely recognized and demon-
strated by this study and others that margin status is one of the
most robust predictors of long-term survival. This paradigm
shift, the recognition that more aggressive attempts to achieve
negative margins, including hepatic resection as needed, has
recently yielded considerably improved 5-year survival rates
for perihilar cancer.7 At our institution, for example, the rate
of negative margins had doubled in this series compared with
our earlier experience.4 As a result, the trend in our series has
been toward longer survival in those patients undergoing con-
comitant hepatic resection. However, those patients undergoing
hepatic resection are also more likely to have larger tumors. A
comparison of recent series, including 5-year survival and peri-
operative mortally rates, is shown in Table 5.5,11–29

It is widely recognized that intrahepatic bile duct can-
cers have a different epidemiology than extrahepatic tumors.8

Patients with intrahepatic tumors in our series had the best
survival of the 3 groups, consistent with the findings of some
series,5 but not others, including one series of cholangiocar-
cinomas of all locations that used the same Hopkins classi-
fication system.9 Despite having a longer survival time,
intrahepatic patients had a lower rate of negative margins
compared with distal lesion. Possible explanations for this
apparent discrepancy include different tumor biology and the
fact that the age of patients with intrahepatic tumors was

FIGURE 3. Survival according to time period. Early period
(1973–1995) versus late period (1996–2004).
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significantly younger compared with patients with extrahe-
patic tumors (P � 0.001, Table 1). In addition, regarding the
intrahepatic group in general, it should also be noted that,
because the this group was by far the smallest of the 3 groups
evaluated, relatively wider margins of error for any given
parameter may be expected. Based on our experience and
review of the literature, there are insufficient data to clearly
support lymphadenectomy during resection of intrahepatic
tumors. Therefore, as mentioned in Results, the harvesting of
lymph nodes was not routinely performed during resection of
intrahepatic tumors in our series.

The evaluation of patients with bile duct cancer changed
dramatically during the 31-year period of this study. For exam-
ple, visceral angiography, common in the first 2 decades of the
study, was in the third decade largely replaced by computerized
tomography (CT) angiography or magnetic resonance angiog-
raphy. Nearly all patients after the 1970s underwent CT, and in
the last decade many of these CT scans were performed with
0.5-mm intervals and three-dimensional reconstructions, reduc-
ing reliance on percutaneous transhepatic cholangiography or

endoscopic retrograde cholangiopancreatography. Magnetic res-
onance cholangiopancreatography studies have furthered this
shift over the last decade. The use of preoperative stenting also
evolved over the time period of study. The use of preoperative
stenting, although no longer done routinely, was used through-
out the 3 study decades, in decompressing obstructed biliary
trees and in patients with significant malnutrition, biliary sepsis,
or other medical problems requiring recovery before an elective
resection.10

Similarly, proportion of patients in each of the 3 ana-
tomic groups changed significantly in the recent period com-
pared with the early period. Although the proportion of
patients with intrahepatic tumors was relatively constant, a
smaller proportion of patients had perihilar tumors and a
larger proportion had distal tumors (Table 1). This change
was likely a result of changes in referral patterns over time.

CONCLUSION
At our institution, the 5-year survival after resection of

bile duct cancer has significantly improved. We conclude

TABLE 5. Comparison of Recent Series

Reference (year)
Resected

(N)
Liver

Resection (%)
5-Year Survival,

R0 (%)
5-Year Survival,

All (%)
Mortality

(%)

Intrahepatic

Pichlmayr (1995)11 32 100 NR 17 6

Jan (1996)12 41 100 44 27 0

Casavilla (1997)13 34 100 NR 31 7

Lieser (1998)30 32 100 45 NR NR

Madariaga (1998)5 34 100 51 35 6

Valverde (1999)14 30 100 NR 22 3

Inoue (2000)15 52 100 55 36 2

Weber (2001)16 33 100 NR† 31 3

Present series 34 100 63 40 2

Perihilar

Suigura (1994)17 83 100 33 20 8

Su (1996)18 49 50 34 15 10

Nagino (1998)19 138 90 26 NR 10

Miyazaki (1998)20 76 86 40 26 15

Madariaga (1998)5 28 100 25 9 14

Kosuge (1999)7 65 80 52 35 9

Neuhaus (1999)21 95* 85 37 22 6

Jarnagin (2001)22 80 78 30 NR 10

Kondo (2004)23 40 78 NR‡ NR 0

Rea (2004)24 46 100 30 26 9

Nishio (2005)25 301 95 27 22 8

Dianant (2006)26 99 38 33 27 15

Wahab (2006)27 73 100 NR 13 11

Present series 173 20 30 10 5

Distal

Bortolasi (2000)28 15 0 NR 20 0

Yoshida (2002)29 27 0 44 37 4

Present series 229 0 27 23 3

*Includes 15 hepatectomies with liver transplantation.
†Three-year survival � 62%.
‡Three-year survival � 44%.
NR indicates not reported; JHMI, Johns Hopkins Medical Institutions.
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from the results of this experience and from the current
literature that achieving R0 status, with concomitant liver
resection as necessary, is the most important variable asso-
ciated with outcome and long-term survival. Among patients
who have had an R0 resection, lymph node status is likely the
next most important prognostic factor.
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